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TFT SUBSTRATE FOR LIQUID CRYSTAL DISPLAY APPARATUS AND 



Technical Field 

The present invention relates to a thin film transistor (hereinafter, referred to 
as TFT) substrate of liquid crystal display apparatus and a method of manufacturing 
the same, and more particularly, a TFT substrate for a liquid crystal display 
apparatus having a copper wiring of low resistivity and a method of manufacturing 
the same. 

Background Art 

A display apparatus is an electric optical apparatus converting an electric 
signal into an optical image so that a user recognizes information. A liquid crystal 
display (hereinafter, referred to as LCD) apparatus of the display apparatus supplies 
electrical field to transform an arrangement of liquid crystal molecules by means of 
an optical characteristics of the liquid crystal. 

A TFT of a large display substrate needs a low gate resistance to prevent 
signal delay and flickering of an image. Metals such as copper or aluminum have 
low resistance and high conductivity. However, the metals are improper for 
manufacturing an LCD apparatus. The copper has the lowest resistivity among the 
metals, but the copper has low adhesiveness to a silicon-containing substrate. The 
copper is also oxidized easily. The copper may be prevented from diffusing into the 
silicon containing substrate, and sufficient adhesiveness may be necessary so as to 
use the copper wiring in the TFT process. 

The diffusion of the copper into the silicon-containing substrate deteriorates 
ohmic contact characteristics of elements, and the low adhesiveness causes lift-off of 
a thin film and abrasion of the thin film. The lift-off and the abrasion cause 
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problems in manufacturing process. 

Disclosure of the Invention 

Accordingly, the present invention has been devised to solve the foregoing 
problems of the conventional art, and^the present invention provides a TFT substrate 
for an LCD apparatus having a copper wiring of low resistivity and preventing a 
diffusion of the copper into a silicon-containing substrate, thereby improving 
element characteristics. 

The present invention also provides a method of manufacturing a TFT 
substrate for an LCD apparatus having the copper wiring. 

The TFT substrate for an LCD apparatus in accordance with one exemplary 
embodiment of the present invention includes a substrate, a diffusion barrier layer 
and a copper alloy layer. The substrate comprises silicon. The diffusion barrier layer 
is formed on the substrate, and the copper alloy layer is formed on the diffusion 
barrier layer. Hereinafter, atomic percent is represented by "at%". The copper alloy 
layer has a material from about 0.5at% to about 15at%, which is used to form the 
diffusion barrier layer. 

Preferably, the diffusion barrier layer includes a silicide compound that 
comprises a metal such as Zr, Ti, Hf, V, Ta, Ni, Cr, Nb, Co, Mn, Mo, W, Rh, Pd, Pt, 
etc., and a thickness of the diffusion barrier layer is from about 50A to about 5,000 
A. 

Also, the copper alloy layer may include a metal layer corresponding to a 
gate line, a source electrode, a drain electrode or a data line, and the substrate may 
be a silicon substrate, a glass substrate or a plastic substrate. 

The method of manufacturing a TFT substrate for a display apparatus in 
accordance with one aspect of the present invention is provided as follows. A 
diffusion barrier layer is formed on a silicon-containing substrate. An alloy 
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including copper and a material from about 0.5at% to about 15at%, which is used to 
form the diffusion barrier layer, is deposited to form a gate wiring layer. The gate 
wiring layer is then etched to form a gate wiring pattern. The gate wiring pattern has 
a gate line, a gate pad and a gate electrode. A gate insulating layer is then stacked. A 
semiconductor layer pattern and an ohmic contact layer pattern are then formed. A 
data wiring material is then coated and patterned to form a data wiring. The data 
wiring has a data line, a data pad, a source electrode and a drain electrode. The data 
line intersects the gate line. The data pad is connected to an end portion of the data 
line. The source electrode is connected to an end portion of the data line, and the 
source electrode is adjacent to the gate electrode. The drain electrode is opposite to 
the source electrode by interposing the gate electrode therebetween. A protecting 
layer including a passivation layer is theri formed. The protecting layer may include 
an organic layer. The protecting layer and the gate insulating layer are then patterned 
to form contact holes. The gate pad, the data pad and the drain electrode are exposed 
through the contact holes, respectively. A transparent conductive layer is then 
stacked. The transparent conductive layer is then etched to form an auxiliary gate 
pad, an auxiliary data pad and a pixel electrode. The auxiliary gate pad is connected 
to the gate pad, the auxiliary data pad is connected to the data pad, and the pixel 
electrode is connected to the drain electrode. 

Particularly, a compound that comprises a metal such as Zr, Ti, Hf, V, Ta, Ni, 
Cr, Nb, Co, Mn, Mo, W, Rh, Pd, Pt, etc. is deposited to form the diffusion barrier 
layer having a thickness from about 50A to about 5,000A. The deposited compound 
is converted into a silicide compound by means of heat- treatment process. 

The heat-treatment process may be a deposition treatment process that 
stacks a subsequent gate insulating layer, and the heat-treatment process may be 
performed at a temperature from about 200°C to about 500°C under a vacuum, an 
air or an N 2 atmosphere. 
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The method of manufacturing a TFT substrate for a display apparatus in 
accordance with another aspect of the present invention is provided as follows. A 
diffusion barrier layer is formed on a substrate. An alloy including copper and a 
material from about 0.5at% to about 15at%, which is used to form the diffusion 
5 barrier layer, is deposited to form a gate wiring layer. The gate wiring layer is then 
etched to form a gate pattern. The gate pattern includes a gate line, a gate pad and a 
gate electrode. A gate insulating layer is then stacked. A semiconductor layer, an 
ohmic contact layer and a conductive layer are then stacked. A photoresist pattern is 
then formed. The photoresist pattern has a first portion, a second portion and a third 

10 portion. The second portion is thicker than the first portion. The third portion is 
thinner than the first portion. A data line, a data pad, a data wiring, an ohmic contact 
layer and a semiconductor layer pattern are then formed by means of the photoresist 
pattern. The data pad is connected to an end portion of the data line. The data wiring 
has a source electrode and a drain electrode. A protecting layer including a 

15 passivation layer is then formed. The protecting layer may include an organic layer. 
The protecting layer and the gate insulating layer are patterned to form contact holes 
through which the gate pad, the data pad and the drain electrode are exposed. A 
transparent conductive layer is then stacked. The transparent conductive layer is then 
etched to form an auxiliary gate pad, an auxiliary data pad and a pixel electrode. The 

20 auxiliary gate pad is connected to the gate pad. The auxiliary data pad is connected 
to the data pad. The pixel electrode is connected to the drain electrode. 

The method of manufacturing a TFT substrate for a display apparatus in 
accordance with still anther aspect of the present invention is provided as follows. A 
diffusion barrier layer is formed on an insulating substrate. An alloy including 

25 copper and a material from about 0.5at% to about 15at%, which is used to form the 
diffusion barrier layer, forms a data wiring. A red color filter, a green color filter and 
a blue color filter are then formed on the substrate. A buffer material is then 
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deposited to form a buffer layer covering the data wiring and the color filters. A gate 
wiring layer is then formed on the buffer layer. The gate wiring layer is then etched 
to form a gate wiring. The gate wiring includes a gate line and a gate electrode. A 
gate insulating layer covering the gate wiring is then formed. An ohmic contact 
5 layer pattern of an island shape, a semiconductor layer pattern and a first contact 
hole are then formed on the gate insulating layer. A portion of the data line is 
exposed through the first contact hole to the gate insulating layer and the buffer 
layer. The transparent conductive material is then etched to form a source electrode, 
a drain electrode and a pixel wiring. The drain electrode is separated from the source 
10 electrode. The source electrode and the drain electrode are then formed on the same 
layer. The pixel wiring having a pixel electrode is connected to the drain electrode. 
The ohmic contact pattern that has an island shape is coated by means of the 
transparent conductive material. An exposed portion of the ohmic contact layer 
pattern is then removed so that the ohmic contact layer pattern is divided into two 
15 parts. The ohmic contact layer pattern is disposed between the source electrode and 
the drain electrode. 

Brief Description of the Drawings 

The above objects and other advantages of the present invention will become 
more apparent by describing in detail the preferred embodiments thereof with 
reference to the accompanying drawings, in which: 

FIGS^ JA to 1C a re cross-sectional views showing a process of 
manufacturing a copper alloy wiring on a TFT for an LCD apparatus according to an 
exemplary embodiment of a method of the present invention; 

FIG. 2 is a plan view showing a TFT substrate for an LCD apparatus 
according an exemplary embodiment of the present invention; 

FIG. 3 is a cross-sectional view taken along a line II-IF shown in FIG. 2; 
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FIGS. 4 to 7 are cross-sectional views showing a process of manufacturing 
the TFT substrate for an LCD apparatus according to an exemplary embodiment of 
the present invention; 

FIG. 8 is a plan view showing a TFT substrate for an LCD apparatus 
according to another exemplary embodiment of the present invention; 

FIGS. 9 and 10 are cross-sectional views taken along lines VIII- VHP and 

— 

IX-IX 5 shown in FIG. 8, respectively; 

FIGS. 11A and 11B to 18A and 18B are cross-sectional views showing a 
process of manufacturing the TFT substrate of FIG. 9 and FIG. 10, respectively; 

FIG. 19 i s a plan view showing a TFT substrate according to another 
exemplary embodiment of the present invention; 

FIG. 20 is a cross-sectional view taken along a line XIX-XDT shown in FIG. 
19; ^ 

FIGS. 21 to 28 are cross-sectional views showing a process of 
manufacturing the TFT substrate of FIG. 20. 

Best Mode For Carrying Out the Invention 

Hereinafter, the present invention will be disclosed in detail. 

In order to use a copper wiring in manufacturing a TFT substrate for an LCD 
apparatus, an adhesiveness between a copper wiring and a silicon-containing 
substrate is necessary. Also, a reaction of the copper with the silicon-containing 
substrate by means of subsequent heat treatments of high temperature is prevented. 
The heat treatments may be performed during deposition of SiNx and process of 
indium tin oxide (ITO) annealing. 

According to the present invention, a diffusion barrier layer is formed on a 
silicon-containing substrate. The diffusion barrier layer is formed by means of a 
metal such as Zr, Ti, Hf, V, Ta, Ni, Cr, Nb, Co, Mn, Mo, W, Rh, Pd, Pt, etc. A 
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silicide is easily formed by the reaction between the metal and the silicon-containing 
substrate. An alloy including a portion of the metal is used instead of a pure copper. 
The alloy prevents copper from diffusing on an interface into the silicon-containing 
substrate. The alloy has a material from about 0.5at% to about 15at%, which is used 
to form the diffusion barrier layer. When a content of the material added to the 
copper is less than about 0.5at%, the copper of the aUoy may be diffused into the 
substrate. When the content of the material added to the copper increases, a 
resistivity of the copper wiring also increases, thereby increasing a resistance of the 
wiring. Preferably, the content of the material added to the copper does not exceed 
aboutl5at%. 

As a thickness of the diffusion barrier layer increases, characteristics of the 
diffusion barrier layer are improved. However, a thin diffusion 1 barrier layer is 
preferable so as to etch the diffusion barrier layer with the copper alloy wiring. 
Preferably, the thickness of the diffusion barrier layer is from about 50A to about 
1,000A. 

High temperature process such as SiNx deposition is performed after a 
formation of the copper metal wiring. The diffusion barrier layer prevents the copper 
elements from diffusing into the substrate. The diffusion barrier layer is transformed 
into a silicide by the high temperature process. When the material added in the 
copper diffuse on an interface or a surface, the material is supplied to the diffusion 
barrier layer to improve the characteristics of the diffusion barrier layer, thereby 
forming an additional silicide. Also, the alloy elements diffused on the surface may 
improve a chemical resistance of the copper metal layer during subsequent 
processes. 

In order to form a silicide, additional heat-treatment process may be 
performed after depositing the diffusion barrier layer. Preferably, the additional 
heat-treatment process is performed at a temperature from about 200°C to about 
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500°C under a vacuum, an atmospheric pressure or an N 2 atmosphere. Although the 
heat— treatment process may be omitted to simplify processes and to reduce cost and 
time. Subsequent heat-treatment process may provide the same heat-treatment effect. 
However, more stable heat-treatment process may be performed by means of the 
additional heat— treatment process, subsequent process can be performed in more 
stable condition after the heat-treatment process of the alloy. 

Therefore, a TFT substrate for an LCD apparatus is manufactured by means 
of a copper alloy wiring to have low resistance and high conductance. 

Also, a copper wiring is formed by means of a thin diffusion barrier layer 
and the copper alloy including the material of the diffusion barrier layer so that 
simultaneous etching may be accomplished. A mutual diffusion between the copper 
wiring and the substrate in subsequent processes is also prevented by means of the 
thin diffusion barrier layer. 

FIGS. 1A to 1C are cross-sectional views showing a process of 
manufacturing a copper alloy wiring on a TFT for an LCD apparatus according to an 
exemplary embodiment of a method of the present invention. 

Referring to FIG. 1A, a diffusion barrier layer 11 is formed on a 
silicon-containing substrate 10, and a copper alloy wiring 12 is formed on the 
diffusion barrier layer 1 1. Referring to FIG. IB, the wiring is etched using a mask to 
form a diffusion barrier layer pattern 1 1A and a wiring pattern 12A on the substrate 
10. Referring to FIG. 1C, elements of the diffusion barrier layer in the wiring pattern 
12A diffuse into a surface by additional heat-treatment process or subsequent 
heat-treatment process, and the diffusion barrier layer pattern 1 1 A is converted into 
a silicide compound layer 1 IB. 

Hereinafter, a TFT substrate for an LCD apparatus according to an 
exemplary embodiment of the present invention will be described with reference to 
accompanying drawings. 
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FIG. 2 is a plan view showing a TFT substrate for an LCD apparatus 
according to an exemplary embodiment of the present invention, and FIG. 3 is a 
cross-sectional view taken along a line II-IF shown in FIG. 2. 

Gate wirings are formed on an insulating substrate 10. The gate wirings are 
5 double layered, and include diffusion barrier layers 221, 241 and 261 and gate 
wiring layers 222, 242 and 262. The diffusion barrier layers 221, 241 and 261 
include a metal silicide, and the gate wiring layers 222, 242 and 262 include a 
copper alloy that has the material of the diffusion barrier layer. The gate wirings 
include a gate line 22, a gate pad 24 and a gate electrode 26 of a TFT. The gate pad 

10 24 is connected to an end portion of the gate line 22 extended to transmit a gate 
signal from outside to the gate line 22 in a horizontal direction with respect to the 
TFT substrate, and the gate electrode 26 is also connected to the gate line 22. 

A gate insulating layer 30 formed on the substrate 10 is formed. over the gate 
wirings 22, 24 and 26. The gate insulating layer 30 includes silicon nitride. 

15 A semiconductor layer 40 is formed on the gate insulating layer 30 of the 

gate electrode 24. The semiconductor layer 40 has semiconductor material such as 
amorphous silicon. Ohmic contact layers 54 and 56 are formed on the 
semiconductor layer 40. The ohmic contact layers 54 and 56 have a silicide or N+ 
hydrogenated amorphous silicon doped with N type dopants by a high 

20 concentration. 

Data wiring layers 62, 65, 66 and 68 are formed on the ohmic contact layers 
54 and 56 and the gate insulating layer 30. The data wiring layers 62, 65, 66 and 68 
have a molybdenum layer or a molybdenum-tungsten alloy layer. The data wiring 
layers 62, 65, 66 and 68 extend in a longitudinal direction with respect to the 

25 substrate 10. The data wiring layers 62, 65, 66 and 68 include a data line 62, a 
source electrode 65, a data pad 68 and a drain electrode 66. The data line 62 
intersects the gate line 22, and the data line 62 defines a pixel. The source electrode 
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65 is divided from the data line 62, and the source electrode 65 extends to an upper 
portion of the ohmic contact layer 54. The data pad 68 is connected to an end 
portion of the data line 62, and the data pad 68 receives a pixel signal from outside. 
The drain electrode 66 is separated from the source electrode 65 and the drain 
electrode 66 is disposed on the ohmic contact layer 56. The drain electrode is 
opposite to the source electrode 65 by interposing the gate electrode 26 
therebetween. A protecting layer including a passivation layer 70 is formed on the 
data wirings 62, 65, 66 and 68. The protecting layer may include an organic layer. 

Contact holes 76 and 78 are formed through which the drain electrode 66 
and the data pad 68 are exposed, respectively. Another contact hole 74 is formed 
through which the gate pad 24 and the gate insulating layer 30 are exposed. The 
contact holes 76 and 78 are formed in a polygonal shape or a circular shape, through 
which the drain electrode 66 and the data pad 68 are exposed. Dimension of each of 
the contact holes is no more than about 2 mm x 60 |am. Preferably, the dimension is 
no less than about 0.5 mm x 15 \\m. 

A pixel electrode 82 is formed on the passivation layer 70 in a pixel. The 
pixel electrode 82 is electrically connected to the drain electrode 66 through the 
contact hole 76. Also, an auxiliary gate pad 86 and an auxiliary data pad 88 are 
formed on the passivation layer 70. An auxiliary gate pad 86 and an auxiliary data 
pad 88 are connected to the gate pad 24 and the data pad 68 through the contact 
holes 74 and 78, respectively. The pixel electrode 82, the auxiliary gate pad 86 and 
the auxiliary data pad 88 have ITO. 

Referring to FIG. 2 and FIG. 3, a storage capacitor includes the pixel 
electrode 82 and the gate line 22. When storage capacitance of the storage capacitor 
is insufficient, an additional wiring for the storage capacitor may be formed on a 
layer identical to the gate wirings 22, 24 and 26. 

Also, the pixel electrode 82 is overlapped with the data line 62 to maximize 
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an aperture ratio. Although the pixel electrode 82 is overlapped on the data line 62, 
parasite storage capacitance is low because of a low dielectric constant of the 
passivation layer. 

Hereinafter, referring to FIGS. 2 to 8, a method of manufacturing the TFT 
substrate for the LCD apparatus according to an exemplary embodiment of the 
present invention will be disclosed. 

Referring to FIG. 4, a metal such as Zr, Ti, Hf, V, Ta, Ni, Cr 5 Nb, Co, Mn, 
Mo, W, Rd, Pd, Pt, etc. is deposited on a substrate 10 to a thickness from about 50A 
to about 1,000 A to stack diffusion barrier layers 221, 241 and 261. A copper alloy 
including the material from about 0.5at% to about 15at% is then deposited to stack 
gate wiring layers 222, 242 and 262. The material is used to form the diffusion 
barrier layer. The stacked gate wiring layers 222, 242 and 262 are then patterned to 
form gate wirings. The gate wirings are extended laterally, and the gate wirings have 
the gate line 22, the gate electrode 26 and the gate pad 24. 

Referring to FIG. 5, a gate insulating layer 30 including silicon nitride is 
then formed. A semiconductor layer 40 including an amorphous silicon layer is 
stacked on the gate insulating layer 30. A doped amorphous silicon layer is stacked 
on the semiconductor layer 40. The semiconductor layer 40 and the doped 
amorphous silicon layer are then etched. Therefore, a semiconductor layer 40 of an 
island shape and ohmic contact layers 55 and 56 are formed on the gate insulating 
layer 30 by means of a photolithography process. The gate insulating layer 30 is 
disposed on the gate electrode 26. 

Referring to FIG. 6, molybdenum or molybdenum-tungsten alloy is then 
deposited to stack data wiring layers 65, 66 and 68. The data wiring layers 65, 66 
and 68 are then etched to form a data wiring including a data line 62, a source 
electrode 65, a data pad 68 and a drain electrode 66. The data line 62 intersects the 
gate line 22. The source electrode 65 is connected to the data line 62, and the source 
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electrode 65 extends to an upper portion of the gate electrode 26. The data pad 68 is 
connected to one end portion of the data line .62. The drain electrode 66 is separated 
from the source electrode 65, and the drain electrode 66 is opposite to the source 
electrode 65 by interposing the gate electrode 26 therebetween. 

A portion of an amorphous silicon pattern that is not masked by the data 
wirings 62, 65, 66 and 68 is then etched so that the amorphous silicon pattern is 
divided into two regions so that the semiconductor layer pattern 40 is exposed. The 
amorphous silicon pattern is doped with impurities. The semiconductor layer pattern 
40 is disposed between the divided amorphous silicon layers 55 and 56. Preferably, 
a surface of the exposed semiconductor layer 40 is then stabilized by oxygen plasma. 
Referring to FIG. 7, a passivation layer is then formed. 

The gate insulating layer 30 and the passivation layer are then patterned to 
form contact holes 74, 76 and 78. The gate pad 24, the drain electrode 66 and the 
data pad 68 are exposed through the contact holes 74, 76 and 78, respectively. The 
contact holes 74, 76 and 78 may have a circular shape or a polygonal shape. 
Dimensions of the contact holes 74 and 78 are not more than or equal to about 2mm 
x 60jwm. The pads 24 and 68 are exposed through the contact holes 74 and 78. 
Preferably, dimensions of the contact holes 74 and 78 are no less than 0.5mm x 
15jum. 

Referring to FIGS. 2 to 3, ITO layer is then deposited. The deposited ITO 
layer is then etched. Therefore, an auxiliary gate pad 86, an auxiliary data pad 88 
and a pixel electrode 82 are formed by means of a photolithography process. The 
pixel electrode 82, the auxiliary gate pad 86 and the auxiliary data pad 88 are 
connected to the drain electrode 66, the gate pad 24 and the data pad 68 through a 
first contact hole 76, a second contact hole 74 and a third contact hole 78. Preferably, 
nitrogen gas is used in a pre-heating process. The pre-heating may be performed 
before depositing the ITO. The nitrogen gas prevents formation of a metal oxide 
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layer that may be formed on an upper portion of metal layers 24, 66 and 68 that are 
exposed through the contact holes 74, 76 and 78. 

Hereinafter, referring to FIGS. 8 to 10, a unit pixel of the TFT substrate for 
the LCD apparatus according to an exemplary embodiment of the present invention 
using 4 masks will be disclosed. 

FIG. 8 is a plan view showing a TFT substrate for an LCD apparatus 
according to another exemplary embodiment of the present invention, and FIGS. 9 
and 10 are cross-sectional views taken along lines VIII- VIII' line and IX-IX' shown 
in FIG. 8, respectively. 

Gate wirings having a double layered structure are formed on an insulating 
substrate 10. The double layered structure has diffusion barrier layers 221, 241 and 
261 and gate wiring layers 222, 242 and 262. The diffusion barrier layers 221, 241 
and 261 have a metal silicide. The gate wiring layers 222, 242 and 262 have copper 
alloy. The gate wirings include a gate line 22, a gate pad 24 and a gate electrode 26. 

A storage line 28 is formed on the substrate 10. The storage line is in parallel 
with the gate line 22. The storage line 28 includes a diffusion barrier layer 281 and a 
gate wiring layer 282. A storage capacitor has the storage line 28 and a conductive 
pattern 68. The storage capacitor stores charge to improve charge capacitance of a 
pixel. The storage line 28 is formed over the conductive pattern 68. The storage line 
may be omitted when a charge capacitance formed by pixel electrode 82 and the 
gate line 22 is large enough to maintain voltage difference. A voltage applied to a 
common electrode may be identical to a voltage applied to the storage line 28. The 
common electrode is formed on an upper substrate. 

A gate insulating layer 30 is formed on the gate wirings 22, 24 and 26 and 
the storage line 28. The gate insulating layer 30 is formed over the gate wirings 22, 
24, 26 and 28. The gate insulating layer 30 may have silicon nitride SiNx. 

Semiconductor patterns 42 and 48 are formed on the gate insulating layer 30. 
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The semiconductor patterns 42 and 48 have semiconductor material such as 
hydrogenated amorphous silicon. Ohmic contact layer patterns or intermediate layer * 
patterns 55, 56 and 58 are formed on the semiconductor patterns 42 and 48. The 
ohmic contact layer patterns and the intermediate layer patterns may have 
amorphous silicon. The amorphous silicon is doped with N type dopants such as P 
(phosphorus) by a high concentration. 

Data wiring layers 62, 64, 65, 66 and 68 are formed on the ohmic contact 
layer patterns 55, 56 and 58. The data wiring layers 62, 64, 65, 66 and 68 have 
molybdenum or molybdenum alloy. Data wirings include a data line assembly 62, 
68 and 65 and a conductive pattern 64 for a storage capacitor. The data line 
assembly 62, 68 and 65 have a data line 62, a data pad 68 and a source electrode 65 
of a TFT. The data line 62 extends in a longitudinal direction with respect to the 
substrate. The data pad 68 is connected to one end portion of the data line 62 and 
receives an exterior image signal. The source electrode 65 of the TFT is divided 
from the data line 62. The conductive pattern 64 for the storage capacitor is 
separated from the data line assembly 62, 68 and 65, and the conductive pattern 64 
is formed on a drain electrode 66 of the TFT and the storage line 28. The drain 
electrode 66 is separated from the source electrode 65, and the drain electrode 66 is 
opposite to the source electrode 65 by interposing the gate electrode 26 
therebetween. When the storage line 28 is omitted, the conductive pattern 64 for the 
storage capacitor is also omitted. 

The ohmic contact layer patterns 55, 56 and 58 decrease a contact resistance 
between the semiconductor patterns 42 and 48 and the data wirings 62, 64, 65, 66 
and 68. The ohmic contact layer patterns 55, 56 and 58 have shapes substantially 
identical to the data wirings 62, 64, 65, 66 and 68. The semiconductor patterns 42 
and 48 are formed under the ohmic contact layer patterns 55, 56 and 58. The data 
wirings 62, 64, 65, 66 and 68 are formed on the ohmic contact layer patterns 55, 56 
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and 58. A middle layer pattern of the data line assembly has a shape substantially 
identical to the data line assembly 62, 65 and 68, and a middle layer pattern of the 
drain electrode has a shape substantially identical to the drain electrode 66. A 
middle layer pattern of the storage capacitor has a shape substantially identical to the 
conductive pattern of the storage capacitor. 

The semiconductor pattern 42 and 48 have shapes substantially identical to 
the data wirings 62, 64, 65, 66 and 68 and the ohmic contact patterns 55, 56 and 68 
except a channel region of the TFT. Particularly, the semiconductor pattern of the 
storage capacitor has a shape substantially identical to the conductive pattern of the 
storage capacitor, and the conductive pattern of the storage capacitor has a shape 
substantially identical to the contact layer pattern of the storage capacitor. However, 
the semiconductor pattern of the TFT is different from the data wirings or the 
contact layer pattern. That is, the source electrode 65 of the data line assembly and 
the drain electrode 66 of the data line assembly are separated from each other in the 
channel region of the TFT. Also, the intermediate layer 55 of the data line assembly 
and the contact layer pattern 56 for the drain electrode are separated from each other. 
However, the semiconductor pattern 42 for the TFT is connected to form the 
channel of the TFT. A passivation layer 70 is formed on the data wirings 62, 64, 65, 
66 and 68. 

The passivation layer 70 has contact holes 76, 78 and 72 and another contact 
hole 74. The drain electrode 66, the data pad 64 and the conductive pattern 68 for 
the storage capacitor are exposed through the contact holes 76, 78 and 72. The gate 
pad 24 and the gate insulating layer 30 are exposed through another contact hole 74. 

A pixel electrode 82 is formed on the passivation layer. The pixel electrode 
82 receives an image signal from the TFT to form electric field with a common 
electrode. The pixel electrode 82 has transparent conductive material such as ITO. 
The pixel electrode 82 is electrically connected to the drain electrode 66 through the 
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contact hole 76 to receive the image signal. The pixel electrode 82 is overlapped 
with the gate line 22 and the data line 62 to increase aperture ratio. The gate line 22 
and the data line 62 are adjacent to the pixel electrode 82. The pixel electrode 82 
may not be overlapped with the gate line 22 or the data line 62. The pixel electrode 
82 is connected to the conductive pattern for the storage capacitor through the 
contact hole 72 to transmit the image signal to the conductive pattern 64. An 
auxiliary gate pad 86 and an auxiliary data pad 88 are connected to the gate pad 24 
and the data pad 68 through the contact holes 74 and 78, respectively. The auxiliary 
gate pad 86 and the auxiliary data pad 88 increase a cohesive strength between the 
pads 24, 68 and external circuit apparatus. The auxiliary gate pad 86 and the 
auxiliary data pad 88 also protect the pads 24 and 68, respectively. However, the 
auxiliary gate pad 86 and the auxiliary data pad 88 may be omitted. 

Hereinafter, referring to FIGS. 9 to 18B, a method of manufacturing the TFT 
substrate for the LCD apparatus according to an exemplary embodiment of the 
present invention using 4 masks will be disclosed. 

Referring to FIGS. 1 1 A and 1 1 A, a metal such as Zr, Ti, Hf, V 9 Ta, Ni, Cr, 
Nb, Co, Mn, Mo, W, Rh, Pd, Pt, etc. is deposited on a substrate 10 to form diffusion 
barrier layers 221, 241, 261 and 281. The thickness of the metal layer is from about 
50A to 1,000 A. A copper alloy layer is formed on the diffusion barrier layers 221, 
241, 261 and 281 for forming gate wiring layers 222, 242, 262 and 282. The copper 
alloy layer includes the material from about 0.5at% to about 15at%, which is used to 
form the diffusion barrier layers 221, 241, 261 and 281. Gate wirings and a storage 
capacitor line 28 are formed by means of a photolithography process. The gate 
wirings have a gate line 22, a gate pad 24 and a gate electrode 26. 

Referring to FIGS. 12A and 12B, a gate insulating layer 30 is then formed. A 
semiconductor layer 40 is formed on the gate insulating layer 30. An intermediate 
layer 50 is formed on the semiconductor layer 40. The gate insulating layer 30, the 



16 



WO 2004/047159 PCT7KR2003/002270 



semiconductor layer 40 and the intermediate layer 50 are formed by a chemical 
vapor deposition. A thickness of the gate insulating layer 30 is from about 1,5 00 A to 
about 5,000 A, a thickness of the semiconductor layer 40 is from about 500A to 
about 2,000 A, and a thickness of the intermediate layer 50 is from about 300A to 
5 about 600 A. The gate insulating layer 30, the semiconductor layer 40 and the 
intermediate layer 50 include silicon nitride. MoW is deposited on the intermediate 
layer 50 by sputtering to form a conductive layer 60. A photoresist film 110 is then 
formed on the conductive layer 60. The thickness of the photoresist film 1 10 is from 
about 1 pm to about 2 (xm. 

10 Referring to FIGS. 13A and 13B, photoresist film patterns 112 and 114 are 

then formed by means of an exposure process and a developing process. The 
exposure process is performed using a mask. A thickness of a first region 1 14 of the 
photoresist film patterns 112 and 1 14 are thinner than a thickness of a second region 
1 12 of the photoresist film patterns 1 12 and 1 14. The first region 1 14 is disposed on 

15 a channel region C C of a TFT. The channel region of the TFT is disposed between 
the source electrode 65 and the drain electrode 66. The second region is disposed on 
a data wiring assembly 'A' on which data wirings 62, 64, 65, 66 and 68 will be 
formed. A photoresist film disposed on the remaining region 'B' is removed. The 
remaining region 'B' is different from the first region 1 14 and the second region 1 12. 

20 A ratio of the remaining thickness of the photoresist film of the first region 1 14 to 
the second region 112 varies corresponding to a condition of an etching process. 
Preferably, the ratio of the first region 1 14 to the second region 1 12 is no more than 
about a half. The remaining thickness of the photoresist film of the first region 1 14 
may be no more than about 4,000 A. 

25 The thickness of the photoresist film may be determined by means of a 

control of a light intensity of the first region 114. The light intensity may be 
controlled by means of a pattern having a slit, a pattern having a lattice shape or a 
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translucent film. 

Preferably, an interval between lines of the pattern, or an interval between 
the patterns is smaller than a resolution of exposure apparatus. The interval between 
the patterns may be an interval between the slits. When a translucent film is used, 
transmittance of a mask may be determined by a transmittance and a thickness of the 
translucent film. 

When the photoresist film is exposed through the mask, polymers at a 
portion of the photoresist film directly exposed by the light are fully decomposed, 
polymers at a portion of the photoresist film on which the translucent film is 
disposed are partially decomposed, and polymers at a masked portion of the 
photoresist film are not decomposed. 

When the photoresist film is developed, a portion in which high polymers 
are not decomposed remains. Therefore, a thickness of photoresist film in partially 
exposed portion is thinner than a thickness of photoresist film in unexposed portion. 
When exposing time is too long, all the high polymers are decomposed. Therefore, 
the exposing time needs to be controlled so that all the high polymers are not 
decomposed. 

A reflowable material may be used to form a thin photoresist film 114. The 
thin photoresist film 114 may be formed by means of an exposure process, 
developing process and reflowing process, thereby reflowing an unexposed portion 
of the photoresist film into an exposed portion of the photoresist film. The exposure 
process is performed using a conventional mask. The mask has a region through 
which a light passes, and another region through which a light does not pass. 

The photoresist film pattern 114 and the layers disposed under the 
photoresist film pattern 114 are then etched. The layers disposed under the 
photoresist film pattern 114 have the conductive layer 60, an intermediate layer 50 
and the semiconductor layer 40. The data wirings and the layers disposed under the 
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data wirings remain in the data wiring region 'A'. The semiconductor layer remains 
in the channel region 'C 5 . A conductive layer, an intermediate layer and a 
semiconductor layer in the remaining region C B 9 are removed so that the gate 
insulating layer 30 is exposed. The remaining region 'B* is different from the data 
wiring region 'A' or the channel region C C\ 

Referring to FIGS. 14A and 14B, the exposed conductive layer 60 of the 
remaining region C B' is then removed to expose the intermediate layer 50. The 
exposed conductive layer 60 is disposed on the intermediate layer 50. A dry etching 
or a wet etching may be used. Preferably, the conductive layer 60 is etched under a 
condition that the photoresist film patterns 1 12 and 1 14 are substantially not etched. 
However, in dry etching, the conductive layer 60 may not be etched without etching 
the photoresist film patterns 112 and 114 so that the conductive layer 60 is etched 
with the photoresist film patterns 1 12 and 1 14. A thickness of a first region 1 14 in 
dry etching is thicker than a thickness of a first region 1 14 in wet etching so that the 
conductive layer 60 is not exposed by means of etching the first region in dry 
etching. 

Referring to FIGS. 14A and 14B, the conductive layer of the channel region 
€ C and the conductive layer of the data wiring region 'A' remain, but the 
conductive layer 60 in the remaining region S B' is removed, thereby exposing the 
intermediate layer 50. The conductive layers of the channel region *C 9 and the data 
wiring region 'A' include the conductive pattern 67 for source/drain, and the 
conductive pattern 68 for the storage capacitor. The remaining conductive patterns 

67 and 64 have shapes substantially identical to the data wirings 62, 64, 65, 66 and 

68 except the source electrode 65 and the drain electrode 66. The source electrode 
65 and the drain electrode 66 are connected in the remaining conductive patterns. 
When the dry etching is performed, the photoresist film patterns 112 and 114 are 
also etched. 



19 



WO 2004/047159 



PCT/KR2003/002270 



Referring to FIGS. 15A and 15B, the exposed intermediate layer 50 in the 
remaining region 'B', the exposed semiconductor layer 40 in the remaining region 
< B' and a first region of the photoresist film are then removed by means of a dry 
etching. The semiconductor region 40 is disposed under the intermediate layer. 
During the etching, the gate insulating layer 30 is substantially not etched. An 
etching rate of the semiconductor layer 40 is substantially identical to an etching rate 
of the intermediate layer 50. Preferably, an etching rate of the photoresist patterns 
112 and 114 is substantially identical to the etching rate of the semiconductor layer 
40. For example, a mixed gas of SF 6 and HC1 or a mixed gas of SF 6 and 0 2 may be 
used. When the etching rate of the photoresist film patterns 112 and 114 is 
substantially identical to the etching rate of the semiconductor layer 40, a thickness 
of the first region 114 is no less than a summation of a thickness of the 
semiconductor layer 40 and a thickness of the intermediate layer 50. 

Referring to FIGS. 15A and 15B, a first portion of the channel region *C' is 
removed to expose the conductive pattern for source/drain, and an intermediate 
region 50 in the remaining region 'B' and a semiconductor region 40 in the 
remaining region 'B' are removed to expose the gate insulating layer 30. A second 
region 112 of the data wiring assembly 4 A 9 is etched to decrease a thickness of the 
second region 112 of the data wiring assembly 'A\ Therefore, semiconductor 
patterns 42 and 48 are formed. An intermediate layer pattern under the conductive 
pattern of source/drain and an intermediate layer pattern under the conductive 
pattern of a storage capacitor are represented by reference numerals 57 and 58, 
respectively. 

A remaining photoresist film on a surface of the conductive pattern of 
source/drain in the channel region 'C is then removed by ashing process. 

Referring to FIGS. 16A and 16B, a conductive pattern for source/drain in the 
channel region fi C and an intermediate pattern for source/drain in the channel region 
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'C are etched, thereby being removed. The intermediate pattern of the source/drain 
is disposed under the conductive pattern for the source/drain in the channel region 

'C\ 

The conductive pattern for the source/drain and the intermediate pattern may 
be dry etched. Preferably, etching selectivity between the conductive pattern for the 
source/drain and the intermediate pattern is big in the dry etching because the end 
point detection of the dry etching is difficult. Therefore, when etching selectivity is 
not big, a control of a thickness of the semiconductor pattern remaining in the 
channel region 'C is not easy. 

A dry etching may also be performed with wet etching. The conductive 
pattern for the source/drain may be wet etched, and the intermediate pattern 57 may 
be dry etched. When the dry etching is performed with the wet etching, a sidewall of 
the conductive pattern for the source/drain is wet etched, and the intermediate layer 
pattern 57 is substantially not etched, so that a stepwise shape is formed. A mixed 
gas of SF 4 and HC1, or a mixed gas of CF 4 and 0 2 may be used to etch the 
intermediate layer pattern 57 and the semiconductor pattern 42. A semiconductor 
pattern having a uniform thickness may be formed by means of a mixed gas of CF 4 
and O2. Referring to FIG. 16B, a portion of the semiconductor pattern 42 may be 
removed to decrease a thickness of the semiconductor pattern, and a second region 
112 of the photoresist film pattern may be etched to decrease a thickness of the 
second region 112 of the photoresist film pattern. Preferably, the gate insulating 
layer 30 is not etched, and a thickness of the photoresist film pattern is thick enough 
so that the second region 1 12 is not etched so that the data wirings 62, 64, 65, 66 and 
68 are coated by the photoresist film pattern. 

Therefore, the source electrode 65 and the drain electrode 66 are separated to 
form the data wirings 62, 64, 65, 66 and 68 and the contact layer patterns 55, 56 and 
58. The data wirings 62, 64, 65, 66 and 68 are disposed on the contact layer patterns 
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55, 56 and 58. 

A second region of the photoresist film remaining on the data wiring 
assembly 'A' is then removed. However, the second region may be removed before 
the conductive pattern 67 of the source/drain in the channel region 'C is removed. 
The second region is removed after the intermediate layer pattern 57 under the 
conductive pattern 56 is removed. 

As mentioned above, a dry etching may be performed solely, or a wet 
etching may be performed with a dry etching. When the dry etching is performed 
solely, manufacturing process is simple but etching condition is incontrollable. 
However, when the wet etching is performed with the dry etching, manufacturing 
process is complex, but etching condition is controllable. Referring to FIGS. 17A 
and 17B, a passivation layer 70 is then formed. 

Referring to FIGS. 18A and 18B, the passivation layer 70 and the gate 
insulating layer 30 are etched to form contact holes 76, 74, 78 and 72 through which 
the drain- electrode 66, the gate pad 24, the data pad 68 and the conductive pattern of 
a storage capacitor 64 are exposed, respectively. The etching process is performed 
by means of a lithography process. Dimensions of contact holes 74 and 78 are no 
more than about 2mm x 60|im. The pads 24 and 68 are exposed through the contact 
holes 74 and 78. Preferably dimensions of the contact holes 74 and 78 are no less 
than about 0.5mm x lS^im. 

Referring to FIGS. 9 to 11, ITO layer is then deposited to a thickness from 
about 400A to about 500 A. The ITO layer is then patterned. Therefore, a pixel 
electrode 82, an auxiliary gate pad 86 and an auxiliary data pad 88 are formed by 
means of a photolithography process. The pixel electrode 82 is connected to the 
drain electrode 66 and the conductive pattern of the storage capacitor, and the 
auxiliary gate pad 86 is connected to the gate pad 24. The auxiliary data pad 88 is 
connected to the data pad 68. 
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Preferably, nitrogen gas is used in a pre-heating process. The pre-heating is 
performed before the ITO is deposited. The nitrogen gas prevents a formation of a 
metal oxide layer. The metal oxide layer may be formed on an upper portion of 
metal layers 24, 64, 66 and 68 that are exposed through the contact holes 72, 74, 76 
and 78. 

According to another exemplary embodiment of the present invention, the 
data wirings 62, 64, 65, 66 and 68, the contact layer patterns 55, 56 and 68 and the 
semiconductor patterns 42 and 48 are formed using one mask, and source electrode 
is separated from the drain electrode, thereby simplifying manufacturing process. 

A method according the exemplary embodiments of the present invention 
may also be applied to an AOC (Array On Color Filter) structure. In the AOC 
structure, TFT array is formed on color filters. 

FIG. 19 is a plan view showing a TFT substrate according to another 
exemplary embodiment of the present invention, and FIG. 20 is a cross-sectional 
view taken along a line XIX-XIX' shown in FIG. 19 and an upper substrate facing a 
lower substrate. The lower substrate is a TFT substrate. 

Diffusion barrier layers 118, 119 and 123 and data wirings 120, 121 and 124 
including copper alloy are formed on a lower insulating substrate 100. . 

Data wirings 120, 121 and 124 include a data line 120, a data pad 124 and a 
black matrix 121. The data line 120 extends in a longitudinal direction with respect 
to the substrate. The data pad 124 is connected to an end portion of the data line 120 
and receives an image signal from outside to transmit the received image signal to 
the data line 120. The black matrix is divided from the data line 120 and masks a 
light that is from a lower surface of the substrate 100 to a semiconductor layer 170 
of TFT. The black matrix 121 may mask leaked light, and the black matrix 121 may 
be separated from the data line 120 to form a disconnected wiring. The black matrix 
121 has a function substantially identical to a black matrix that masks the leaked 
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light. 

A red (R) color filter, a blue (B) color filter and green (G) color filter 
are formed on the lower insulating substrate 100. Peripheral portions of the color 
filters 131, 132 and 133 are overlapped with a peripheral portion of the data wirings 
120 and 121 . The color filters 131, 132 and 133 may be formed over a data line 120. 

A buffer layer 140 is formed on the data wirings 120, 121 and 124 and the 
color filters 131, 132 and 133. The buffer layer 140 prevents the color filters 131, 
132 and 133 from outgassing, and the buffer layer 140 also prevents the color filters 
131, 132 and 133 from being damaged by heat or plasma energy in subsequent 
processes. Because the buffer layer 140 separates the data wirings 120, 121 and 124 
from the TFT array, lower dielectric constant and thicker thickness are preferable so 
as to decrease a parasite capacitance. 

Gate wirings having a double layered structure are formed on the buffer 
layer 140. The double layered structure has a lower layer 501 and an upper layer 502. 
The lower layer 501 has a material such as aluminum and aluminum alloy, and the 
upper layer 502 has a material such as molybdenum and molybdenum alloy. 

The gate wirings include a gate line 150, a gate pad 152 and a gate electrode 
151 of a TFT. The gate line 150 extends laterally to intersect the data line 120, 
thereby defining a pixel. The gate pad 152 is connected to an end portion of the gate 
line 150 and receives an image signal from outside to transmit the image signal to 
the gate line 150. The gate line 150 has the gate electrode 151 of TFT. 

The gate line 150 is overlapped with a pixel electrode 410 to form a storage 
capacitor that improves storage capacitance of the pixel. When the storage 
capacitance formed by overlap of the gate line 150 and the pixel electrode 410 is not 
enough, a common electrode for a storage capacitor may be formed. 

Preferably, when gate wirings are formed in a multi-layered structure, one 
layer has low resistance and another layer has high adhesiveness. A double layered 
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structure may have Al (or aluminum alloy) and MoW. 

A gate insulating layer 160 deposited at a low temperature is formed on the 
gate wirings 150, 151 and 152 and the buffer layer 140. The gate insulating layer 
160 deposited at low temperature may have an organic insulating layer, an 
5 amorphous silicon oxide layer formed at a low temperature or an amorphous silicon 
nitride layer formed at a low temperature. Color filters are formed on the lower 
substrate of a TFT structure according to another exemplary embodiments of the 
present invention. A gate insulating layer is not deposited at a high temperature, 
but a gate insulating layer is deposited at a low temperature such as a temperature 

10 not more than or equal to about 250°C. 

A semiconductor layer 171 of a double layered structure is formed on the 
gate insulating layer 160 of the gate electrode 151. The semiconductor layer 171 of 
the double layered structure has an island shape. A lower semiconductor layer 701 
of the semiconductor layer 171 includes amorphous silicon having a high band gap 

15 energy, and an upper semiconductor layer 702 of the semiconductor layer 171 
includes amorphous silicon having a lower band gap energy than the band gap 
energy of the lower semiconductor layer 701. For example, a band gap energy of the 
lower semiconductor layer 701 may be from about 1.9 eV to about 2.1 eV, and a 
band gap energy of the upper semiconductor layer 702 may be from about 1.7 eV to 

20 about 1,8 eV. A thickness of the lower semiconductor layer 701 may be from about 
50 A to about 200 A, and a thickness of the upper semiconductor layer 702 may be 
from about 1,000 A to about 2,000 A. 

A band gap energy offset is formed between the upper semiconductor layer 
702 and the lower semiconductor layer 701. The iower semiconductor layer 701 has 

25 different band gap from the upper semiconductor layer 702. The band gap energy 
offset is substantially identical to a difference of the band gap energy. When the 
TFT is turned-on, a channel is formed in a band offset region disposed between the 

25 



WO 2004/047159 



PCT/KR2003/002270 



lower semiconductor layer 701 and the upper semiconductor layer 702. Atomic 
structures of the band offset region are substantially identical to each other so that 
the band offset region has fewer defects. Therefore, characteristics of a TFT are 
improved. The semiconductor layer 171 may have a mono layered structure. 
5 Ohmic contact layers 182 and 183 are formed on the semiconductor layer 

171. The ohmic contact layers 182 and 183 have n+ amorphous silicon, n+ 
microcrystalline silicon or an n4- metal silicide doped with impurities by a high 
concentration, and the ohmic contact layers 182 and 183 are separated from each 
other. 

10 Pixel wirings 410, 41 1 and 412 are formed on the ohmic contact layers. The 

pixel wirings 410, 411 and 412 have a source electrode 412, a drain electrode 411 
and a pixel electrode 410. The source electrode 412 is connected to a data line 120 
through a contact hole 161 that is formed in a gate insulating layer 160 and a buffer 
layer 140. The drain electrode 411 is connected to the pixel electrode 410, and 

15 transmits an image signal from the TFT to the pixel electrode. The pixel wirings 4l0, 
411 and 412 have ITO. The ITO is a transparent conductive material. 

An auxiliary gate pad 413 and an auxiliary data pad 414 are connected to the 
gate pad 152 and the data pad 124 through contact holes 162 and 164, respectively. 
The auxiliary gate pad 413 and the auxiliary data pad 414 are formed as a layer 

20 substantially identical to the pixel wirings 410, 41 1 and 412. The auxiliary gate pad 
413 makes direct contact with a molybdenum-tungsten alloy layer, and the auxiliary 
data pad 414 makes direct contact with a copper alloy layer. The 
molybdenum-tungsten alloy layer is an upper layer 502 of the gate pad 152, and the 
copper alloy layer is an upper layer 202 of the data pad 124. The pixel electrode 410 

25 is overlapped with a gate line 150 adjacent to the pixel electrode 410 and a data line 
120 adjacent to the pixel electrode 410, thereby increasing the aperture ratio. The 
pixel electrode 410 may not be overlapped with the gate line 150 or the data line 
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120. 

A passivation layer 190 is formed on the source electrode 412 and a drain 
electrode 411, and a photoresist color organic layer 430 is formed on the passivation 
layer 190. The passivation layer 190 protects the TFT. The photoresist color organic 
layer 430 has a deep color and a good light absorbance. The color organic layer 430 
masks a light incident into the semiconductor layer 171 of the TFT, and the color 
organic layer 430 controls a height of the color organic layer 430. Therefore, the 
color organic layer 430 maintains an interval between the lower insulating substrate 
100 and an upper insulating layer facing the lower insulating substrate 100. That is, 
the color organic layer 430 is used as a spacer. The passivation layer 190 and the 
organic layer 430 may be formed along the gate line and the data line 120, 
respectively. The organic layer 430 may also mask a light that is leaked adjacent to 
the gate wirings and the data wirings. 

The upper substrate 200 has ITO or IZO, and a common electrode 210 is 
formed over the upper substrate 200. The common electrode 210 generates an 
electric field with the pixel electrode 410. 

Hereinafter, referring to FIGS. 19 to 28, a method of manufacturing the TFT 
substrate according another exemplary embodiment of the present invention will be 
disclosed. 

Referring to FIG. 21, a metal such as Zr, Ti, Hf, V, Ta, Ni, Cr, Nb, Co, Mn, 
Mo, W, Rh, Pd, Pt, etc. is deposited on a lower insulating substrate 100 to form 
diffusion barrier layers 120, 121 and 124. A thickness of the diffusion barrier layers 
120, 121 and 124 is from about 50A to l,00OA. An alloy including copper and the 
material from about 0.5at% to about 15at% is then deposited on the diffusion barrier 
layers 120, 121 and 124. The material is used to form the diffusion barrier layer. A 
photoresist pattern is then formed on the deposited alloy. The deposited alloy is then 
dry etched or wet etched. Therefore, data wirings 120, 121 and 124 are formed on 
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the lower insulating substrate 100 by a photolithography process using a mask. The 
data wirings 120, 121 and 124 have a data line 120, a data pad 124 and a black 
matrix 121. The diffusion barrier layer is then heat treated at a temperature of about 
400°C at an atmospheric pressure to form a silicide. 

Referring to FIG. 22, photoresist materials including a red (R) colorant, a 
green (G) colorant and a blue (B) colorant are then coated successively and 
patterned. Therefore, an R color filter 131, a G color filter 132 and a B color filter 
133 are formed by means of a photo process using masks, successively. 

Then, three masks are used to form the R color filter 131, the G color filter 
132 and the B color filter 133. However, one mask may be used to form the R color 
filter 131, the G color filter 132 and the B color filter 133, thereby reducing cost. A 
laser photo process or a printing method may also be used without a mask, thereby 
minimizing cost. Preferably, peripheral portions of the color filters 131, 132 and 133 
are overlapped with a peripheral portion of the data line 120. Referring to FIG. 22, a 
buffer layer 140 is then formed on the insulating substrate 100, 

A first conductive material such as Al or Al alloy, and a second conductive 
material such as Mo or Mo alloy are then deposited successively by means of a 
process such as sputtering, and the deposited conductive material is then patterned. 
Therefore, gate wirings 150, 151 and 152 are formed on the buffer layer 140 by 
means of a photolithography process using a mask. The gate wirings 150, 151 and 
152 include a gate line 150, a gate electrode 151 and a gate pad 152. The gate 
wirings 150, 151 and 152 may have a mono layered structure. 

Referring to FIG. 24, a gate insulating layer 160 deposited at a low 
temperature, a first amorphous silicon layer 701, a second amorphous silicon layer 
702 and a doped amorphous silicon layer 180 are then deposited successively on the 
gate wirings 150, 151 and 152 and the buffer layer 140. 

The gate insulating layer 160 has an organic insulating layer, an amorphous 
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silicon oxide layer deposited at a low temperature and an amorphous silicon nitride 
layer deposited at a low temperature. The gate insulating layer 160 may be deposited 
at a low temperature such as a temperature no more than about 250°C. 

The first amorphous silicon layer 701 includes an amorphous silicon having 
a band gap energy of from about 1.9 eV to about 2.1 eV, and the second amorphous 
silicon layer 702 includes an amorphous silicon having a band gap energy of from 
about 1.7 eV to about 1.8 eV. The first amorphous silicon layer 701 is deposited by 
means of a chemical vapor deposition (CVD) using a SfflU gas that has CH4 gas, 
C 2 H 2 gas or C 2 H 6 gas of predetermined amount. The SiHU is used to form an 
amorphous silicon. For example, the SfflU gas and CH4 gas are applied to the CVD 
in a ratio of 1 to 9, thereby depositing an amorphous silicon layer including carbon 
at a concentration of about 50at% and a band gap energy of from about 2.0 eV to 
about 2.3 eV. The band gap energy of an amorphous silicon layer is dependent on a 
condition of deposition process, and the band gap energy may be between about 1.7 
eV and about 2.5 eV corresponding to an amount of a carbon compound. 

The gate insulating layer 160 deposited at a low temperature, the first 
amorphous silicon layer 701, the second amorphous silicon layer 702 and the doped 
amorphous silicon layer 1 80 may be deposited successively in situ by means of the 
CVD. 

Referring to FIG. 25, the first amorphous silicon layer 701, the second 
amorphous silicon layer 702 and the doped amorphous silicon layer 180 are 
patterned. Therefore, a semiconductor layer 171 of an island shape, an ohmic 
contact layer 181 and contact holes 161, 162 and 164 are formed by means of a 
photolithography process using a mask. The contact holes 161, 162 and 164 are 
disposed on the gate insulating layer 160 deposited at a low temperature and the 
organic insulating layer 140. The data line 120, the gate pad 152 and the data pad 
124 are exposed through the contact holes 161, 162 and 164, respectively. 
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A first amorphous silicon layer 701, a second amorphous silicon layer 702 
and a doped amorphous silicon layer 180 are then removed except a portion of the 
layers 701, 702 and 180 disposed on the gate electrode 151. A portion of the layers 
701, 702 and 180 on the gate pad 152 and a portion of the gate insulating layer 160 
5 on the gate pad 152 are removed. A portion of the layers 701, 702, 180 and 160 on 
the data line 120 and the data pad 124 are removed. A portion of the organic 
insulating layer 140 on the data line 120 and the data pad 124 are also removed. 

In order to perform a photolithography process using only one mask, a 
photoresist film pattern having portions of different thickness is used as an etching 
10 mask. 

Referring to FIG. 26, a photoresist film is coated on an upper portion of the 
doped amorphous silicon layer 180. The thickness of the photoresist film is between 
about 1 jam and about 2 jum. Photoresist film patterns 312 and 314 are then formed 
by means of a photo process. The photo process has an exposure process vising a 
15 mask and a developing process. 

A first region 312 is thicker than a second region 314. A portion of the 
photoresist film disposed on the data line 120, the data pad 124 and the gate pad 152 
are removed. The first region 312 is disposed on the gate electrode 151. Preferably, 
the ratio of the first region 312 to the second region 314 is not more than or equal to 
20 about a half. The remaining thickness of the photoresist film of the first region 312 
may be no more than about 4,000 A. 

Various methods may be used to form a photoresist film pattern having 
portions of different thickness. Hereinafter, a positive photoresist film is used. 

When the photoresist film is exposed through the mask, polymers at a 
25 portion of the photoresist film directly exposed by the light are fully decomposed, 
polymers at a portion of the photoresist film, on which the translucent film is 
disposed, are partially decomposed, and polymers at a masked portion of the 
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photoresist film are not decomposed. 

When the photoresist film is developed, a portion in which high polymers 
are not decomposed remains. Therefore, a thickness of photoresist film in partially 
exposed portion is thinner than a thickness of photoresist film in unexposed portion. 
5 When exposing time is too long, all the high polymers are decomposed. Therefore, 
controlling the exposing time is required so that all the high polymers are not 
decomposed. 

When the photoresist film i$ developed, polymers in the first region 312 
remain, polymers in the second region 314 are partially removed so that a thickness 

10 of the second region 314 is thinner than a thickness of the first region 312, and 
polymers in the region 'C are fully removed. The second region 314 is partially 
exposed by the light. Therefore, a photoresist film pattern having portions of 
different thickness is formed. 

Referring to FIG. 27, the doped amorphous silicon layer 180, the second 

15 amorphous silicon layer 702, the first amorphous silicon layer 701 and the gate 
insulating layer 160 deposited at a low temperature are then dry etched to form a 
contact hole 162 exposing the gate pad 152 and to expose the buffer layer 140 of the 
region 'C\ The buffer layer 140 of the region 6 C is dry etched to form contact holes 
161 and 164, through which the data line 120 and the data pad 124 are exposed. The 

20 dry etching is performed by means of the photoresist film patterns 312 and 314 as an 
etching mask. 

The second region 314 of the photoresist film is then fully removed by 
means of an ashing process using oxygen. 

Therefore, the second region 3 14 of the photoresist film pattern is removed, 
25 the doped amorphous silicon layer 180 is exposed, and a thickness of the first region 
312 of the photoresist pattern decreases to be substantially identical to a thickness of 
the second region 3 14 of the photoresist pattern. 
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The doped amorphous silicon layer 180, the first amorphous silicon layer 
701 and the second amorphous silicon layer 702 are then etched by means of the 
first region 312 of a remaining photoresist pattern as an etching mask. Therefore, the 
doped amorphous silicon layer 180, the first amorphous silicon layer 701 and the 
5 second amorphous silicon layer 702 are removed, and the semiconductor layer 171 
and the ohmic contact layer 181 remain. The semiconductor layer 171 having an 
island shape is formed on the gate insulating layer 160 under which the gate 
electrode is formed. The gate insulating layer 160 is disposed on the gate electrode 
151. 

10 The first region 3 12 of the remaining photoresist pattern is then removed. An 

ashing process using oxygen may be used to remove the first region 312 of the 
remaining photoresist pattern. 

Referring to FIG. 28, an ITO layer is then deposited and patterned. Therefore, 
a pixel electrode 410, a source electrode 412, a drain electrode 41 1, an auxiliary gate 

15 pad 413 and an auxiliary data pad 414 are formed by means of a photolithography 
process using a mask. 

The ohmic contact layer 181 is etched by means of the source electrode 412 
and the drain electrode 41 1 as an etching mask, thereby forming an ohmic contact 
layer pattern and exposing the semiconductor layer 171. The ohmic contact layer 

20 181 is disposed between the source electrode 412 and the drain electrode 411. The 
ohmic contact layer patterns 182 and 183 have a first region 182 and a second region 
183 that is separated from the first region 182. The semiconductor layer 171 is 
disposed between the source electrode 412 and the drain electrode 411. 

Referring to FIGS. 19 to 20, a first insulating layer such as silicon nitride or 

25 oxygen nitride and a second insulating layer such as a photoresist organic material 
including a black colorant are deposited on the lower insulating substrate 100 
successively, and a color organic layer 430 is formed by means of a photo process 
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using a mask. The photo process has an exposure process and a developing process. 
The first insulating material and the second insulating material are etched by means 
of the color organic layer 430 as an etching mask to form a passivation layer 190. 
The color organic layer 430 may mask a light incident into a TFT. The black matrix 
121 masks the leaked light, and the black matrix 121 may be separated from the data 
line 120 to form a disconnected wiring. The black matrix 121 has a function 
substantially identical to a black matrix that masks the leaked light. The black 
matrix 121 may also be formed on the gate wirings or the data wirings to mask a 
light that is leaked adjacent to the gate wirings and the data wirings. The black 
matrix 121 may also be used as a spacer by means of a height control of the organic 
layer 430. 

A transparent conductive material such as ITO or IZO is stacked on the 
upper insulating substrate 200 to form a common electrode 210. 

A copper alloy wiring is used as gate wirings or data wirings according to 
the exemplary embodiments of the present invention. However, the copper alloy 
wiring may also be used as any metal layer formed on a substrate. The copper alloy 
wiring may also be used as source/drain electrode. 

Industrial Applicability 

As described previously, a TFT substrate for an LCD apparatus is 
manufactured by means of a copper alloy wiring to have low resistance and high 
conductance. 

Also, a copper wiring is formed by means of a thin diffusion barrier layer 
and the copper alloy including the material of the diffusion barrier layer so that 
simultaneous etching is possible. A mutual diffusion between the copper wiring and 
the substrate in subsequent processes is also prevented by means of the thin 
diffusion barrier layer. 



33 



WO 2004/047159 PCT7KR2003/002270 



This invention has been described above with reference to the 
aforementioned embodiments. It is evident, however, that many alternative 
modifications and variations will be apparent to those having skills in the art in light 
of the foregoing description. Accordingly, the present invention embraces all such 
alternative modifications and variations as fall within the spirit and scope of the 
appended claims. 



34 



